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Values of spirometry indices vary among subjects of similar age, gender and somatometrics but
of different ethnic origins. Low socioeconomic status in childhood is inversely related to lung
growth. The aim of this investigation was to assess spirometry values in Gypsy children and
compare them to reported values for Caucasians.
Gypsy students attending primary schools in Central Greece were recruited. Spirometry
indices were measured using a portable spirometer. Regression analysis was applied to con-
struct prediction equations for forced vital capacity (FVC) and other spirometric indices
(FEV1, FEF50, FEF25, FEF25e75) based on standing height. Predicted spirometric values were
compared to values for Caucasians from published studies.
In 152 children (ages 5e14 years; 57 girls) lung function increased linearly with height:
spirometry indexZ intercept þ [slope  height], (r2Z 0.68 for FVC and FEV1 in girls;
r2Z 0.78 for FVC and r2Z 0.74 for FEV1 in boys). Excluding boys-but not girls-in puberty
increased fit for FVC (r2Z 0.83) and FEV1 (r
2Z 0.79). Mean predicted values were 5e10%
lower than values for Caucasians.
In Gypsy children, FVC and expiratory flow function increase linearly with standing height
and predicted values are lower than those for Caucasians of similar height.
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1322 A.G. Kaditis et al.Introduction study. Since the majority of parents smoked at home,Values of expiratory flow function indices vary among
subjects of similar age, gender, height and smoking status
and between different ethnic groups.1 Lung function indi-
ces in Caucasian children have higher values compared to
those in African-American, Indian or Chinese children.2e4
and these differences persist even after adjustment for
body frame size.5e7 Furthermore, low socioeconomic status
in childhood is inversely related to lung function in
adulthood.8,9
Gypsies or Roma people migrated from India across Asia
and into Europe in the 8th century10 and over the last 100
years, they arrived in America.11 Today an appreciable
Gypsy population resides in the Balkans and many of them
are nomads with poor access to medical care.12 Gypsy chil-
dren frequently live in poverty and they are exposed to cig-
arette smoke. Low socioeconomic status and increased
prevalence of passive smoking are factors that in addition
to genetic background may result to lower lung function
levels in Gypsy children relative to non-Gypsy subjects of
the same age, gender and body size.8,9
To our knowledge, there are no studies reporting values
of spirometry indices in Gypsy children. The aims of the
current investigation were (i) to present values of expira-
tory flow function indices and to construct prediction
equations for Gypsy children; and (ii) to compare data
from Gypsy children to published values for Caucasian
populations. Such information may be of particular impor-
tance to physicians providing care to Gypsy children and to
public health services of countries with Gypsy people.
Patients and methods
Study population
The study protocol was approved by the University of
Thessaly Research Committee. Permission to enroll stu-
dents in the study was obtained from the Larissa and Volos
School District Authorities and informed consent from
parents of participants. Children of Gypsy families (5e14
years old) attending any of six primary schools in Larissa or
Volos (Thessaly, Central Greece) were recruited in the
study.
Worldwide, the estimated population of Roma people is
about 15 million and approximately 250 000 of them live in
Greece.13,14 They have ways of life and traditions different
from those of the majority, live a nomadic life and speak
a dialect of the Romani language (‘‘Vlahoura-Roma’’ lan-
guage).14 Due to all the above characteristics, Gypsy origin
was determined based on parental perception. The primary
schools for the present investigation were selected because
they were near Gypsy neighborhoods or encampments
within the limits of the Larissa and Volos municipalities.
To ensure that only subjects with healthy lungs partic-
ipated in the project the following exclusion criteria were
used1,15: (i) presence of cough, wheezing, or crackles on
clinical evaluation at the time of the study; (ii) history of
chronic respiratory disease (including bronchial asthma);
and (iii) personal history of smoking. Presence of any of
the previous characteristics precluded participation in thehistory of passive smoking was not one of the exclusion cri-
teria, but it was taken under consideration during data
analysis.
Clinical evaluation
Information on the child’s medical history was obtained
from parents. Each subject’s personal National Health
Service booklet was also reviewed. Data regarding the
child’s health status were recorded by a member of the
research team using a questionnaire. The questionnaire
inquired about: (i) present and past medical history
(symptoms of asthma, use of inhaled or systemic broncho-
dilators or corticosteroids); (ii) family history of asthma;
(iii) environmental history (personal or passive smoking,
residence in a house or a tent, sanitary system and
electricity at home); and (iv) parents’ occupation and
child’s potential employment. Low socioeconomic status
was defined as living in a tent, or not having a sanitary
system or electricity at home.16,17
All participants underwent a physical examination.
Abnormal findings and signs of puberty (breast develop-
ment, pubic hair, genitalia) were recorded. Standing height
was measured to the last 0.1 cm in bare feet with a stadiom-
eter and weight was determined without shoes, in light
indoor clothes and with empty pockets.
Spirometry measurements
Expiratory flow function was evaluated with an electronic
turbine portable spirometer that met the American Tho-
racic Society recommendations for spirometry equipment
(Microlab 3300, Micro Medical, Rochester, UK).18 Volume
calibration was confirmed at the beginning and in the mid-
dle of each school visit with a 3-l syringe. Spirometry values
were measured and reported at BTPS (body temperature,
barometric pressure and fully water saturated).
Children were tested in the sitting position with nose
clips; they were asked to first inhale to total lung capacity
and then exhale as hard and as fast as possible to residual
volume. A minimum of three and no more than eight
maneuvers were performed and the respective flowe
volume curves were recorded. Testing was terminated
when three acceptable and reproducible flowevolume
curves were obtained.19
For interpretation purposes the largest forced vital
capacity (FVC) and forced expiratory volume in the first
second (FEV1) from all acceptable curves were selected.
Other expiratory flow function indices (forced expiratory
flow at 50% of FVC [FEF50], forced expiratory flow at 25% of
FVC [FEF25], mean forced expiratory flow between 25% and
75% of FVC [FEF25e75]) were obtained from the acceptable
flowevolume curve with the largest FVC and FEV1 sum.
19
Data analysis
To identify significant gender differences in lung function,
boys and girls of similar standing height ranges were
compared regarding observed values of spirometry indices
using Student’s t test. Separate prediction equations of
Table 1 Subjects’ characteristics
Characteristics Girls (nZ 57) Boys (nZ 95)
Age (years) 10.1 1.8 10.3 2
Puberty, yes 14 (24.6%) 25 (26.3%)
Weight (kg) 29.5 6.7 31 8.7
Standing height (cm) 134.5 10.3 135.1 15.7
Continuous variables are expressed as mean standard
deviation.
Spirometry in Gypsy children 1323spirometry indices were prepared for boys and girls using
linear regression analysis.20,21 Initially, linear regression
analysis was carried out using each spirometry index as
the dependent variable and standing height as the indepen-
dent variable15:
spirometry indexZ intercept þ ðslope  standing heightÞ
The normal probability plot was constructed and inspected
for each linear regression equation to assess whether resid-
uals were normally distributed. If residuals are normally
distributed about the predicted values then:
5th percentile of the observed values
ðlower limit of normalÞZ½predicted value 1:645
 standard error of the estimate ðSEEÞ
SEE expresses the average standard deviation of the data
around the regression line.1
Subsequently, the natural logarithms of values for
spirometry indices and standing height were introduced
in the regression equation to assess whether squared value
of the correlation coefficient (r2) increased and SEE
decreased.1,22 High r2 and low SEE indicate that the regres-
sion method has minimized the differences between
predicted and observed values of pulmonary function vari-
ables.1 Finally, age, low socioeconomic status (bivariate
variable) and passive smoking (bivariate variable) were
entered in steps, in order to examine whether they contrib-
uted significantly to lung function variability.
Three methods were applied to take into account the
possible effect of the adolescent growth spurt on lung
function variability. First, quadratic and exponential
models including standing height as an independent vari-
able were tested:
spirometry indexZaþ

b1  standing heightÞ
þ ðb2  standing height2Þ
and23
spirometry indexZa estanding heightb
Second, an ageeheight interaction term was introduced in
the regression analysis model:
spirometry indexZ aþ (b1 standing height)þ (b2
age standing height).23 Third, the initial linear regression
analysis was repeated after excluding children who had
signs of puberty.
Prediction equations were also compared to those pub-
lished by Rosenthal and colleagues15 and by Quanjer and col-
leagues for Caucasian children.23 For this purpose, predicted
values of spirometry indices were calculated for each partic-
ipant using both the equations prepared in the current inves-
tigation and the equations by Rosenthal and colleagues and
Quanjer and colleagues.15,23 Subsequently, for each spiro-
metric index paired sample t-test was applied to compare
each pair of predicted values.22 BlandeAltman plots were
constructed for FVC and FEV1 in boys and girls.
24 The specific
graphs allowed us to visualize the difference within the pair
of predicted values as calculated for each individual by the
equations for Roma and by the Rosenthal and colleagues or
Quanjer and colleagues equations (y-axis) plotted against
the average of the two predicted values (x-axis).Equations by Zapletal, Solymar and colleagues25,26 were
part of the software of the Microlab 3300 spirometer and
they were used for an additional comparison. For children
7 years of age or older, each spirometric index was provided
as absolute value and as percentage of predicted value by
Zapletal, Solymar and colleagues.25,26 Percentage of
predicted value was defined as15:
ðmeasured value 100=predicted valueÞ
Results
Characteristics of the studied subjects
Due to the nomadic way of life of Roma people, it is
unknown what proportion of Greek Gypsies reside in the
regions of Larissa and Volos and what percentage of their
children are enrolled in the local school system. Thus, 182
children attending the six primary schools selected for the
study were considered for participation. Twenty six of them
were excluded due to the presence of cough, wheezing or
a history of asthma. Four additional subjects were not
included because they were smokers.
A total of 152 children were finally studied with a mean
(standard deviation) age of 10.2 1.9 years (range 5e14
years). Fifty seven (37.5%) of them were girls. Subjects’
characteristics are presented in Table 1. About 25% of girls
and boys had entered puberty. Age range for girls in puberty
was 9e12 years and for boys in puberty was 9e14.3 years.
Subjects who were included in the study (nZ 152) did not
differ from those who were excluded (nZ 30) regarding
age, gender or exposure to cigarette smoke (p> 0.05).
Ninety nine (65.1%) children were exposed to cigarette
smoke. One hundred and thirteen (74.3%) participants were
living in a tent, 92 (60.5%) did not have a sanitary system,
and 64 (42.1%) did not have electricity. Thus, 120 (78.9%)
children were of low socioeconomic status according to the
definition used in this study. Eighty nine children (58.6%)
were working. Fathers of 73 children (48%) were traders
and those of 23 subjects (15.1%) were farmers. In 100 cases
(65.8%), the mother was taking care of the household and in
20 cases (13.2%) she was working in the farms.
Values of spirometry indices according to
standing height and age
All 152 participants (including the youngest of them) were
able to give acceptable and reproducible flowevolume
curves. To achieve this result, the research team made
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Figure 1 FVC (forced vital capacity) raw data for Roma girls
(nZ 57; open squares) and boys (nZ 95; filled squares) plot-
ted against standing height.
1324 A.G. Kaditis et al.appreciable effort to coach each child adequately. In
several subjects, up to eight maneuvers of maximum
inspiration and forceful expiration were performed in order
to collect three technically acceptable and reproducible
flowevolume curves.
Spirometry measurements for females and males are
summarized in Table 2. Figs. 1e3 indicate that FVC and
indices of expiratory flow function increase almost linearly
with standing height up to a value of about 150 cm. Beyond
this value of height, the number of observations was small
but spirometric indices seem to increase at a more rapid
rate. Boys have higher FVC and FEV1 compared to girls,
for standing height ranging between 121 and 130 cm
(pZ 0.005) (Figs. 1 and 2). This difference in lung function
between males and females diminishes for height between
131 and 150 cm and there is again a non-significant increase
in the difference for standing height greater than 150 cm.
Similar non-significant trends are present for FEF50, FEF25
and FEF25e75 (Fig. 3).
The regression models that were finally selected to
describe data in the present investigation had the following
form:
spirometry indexZ intercept þ ðslope standing heightÞ
Values of intercepts and slopes for linear regression
equations predicting spirometry indices in relation to
standing height are presented in Table 3. Only eight girls
with heights in the 112e120 cm and 151e164 ranges were
recruited. When these subjects were excluded, values of
intercepts and slopes did not change; e.g. slope for FVC
was 0.035 after excluding these children versus 0.034 for
the whole group of Roma girls. Using the natural logarithm
of spirometry indices and of standing height or entering age
in the equations did not increase r2.
The normal probability plots for all linear regression
equations (except for FEF25 in girls) showed that the resid-
uals were normally distributed. When measured FVC and
FEV1 values in girls were examined, 4.2% and 3.5% of
them were below the lower limit of normal, respectively.
Similarly, when measured FVC and FEV1 values in boys
were assessed, 5.3% and 3.1% of them were below the lower
limit of normal, respectively.
Effects of puberty, socioeconomic status
and passive smoking
When quadratic models were applied the increase in r2 was
minimal. For example, r2 for FVC in boys increased fromTable 2 Mean standard deviation (range) values for forced vit
and boys according to standing height
Height, cm (girls)
112e135 (nZ 30) 136e164 (nZ 27)
FVC (L) 1.6 0.25 (1.14e2.01) 2.14 0.4 (1.19e2
FEV1 (L) 1.47 0.22 (1.11e1.88) 1.93 0.35 (1.11e
FEV1/FVC (%) 0.92 0.04 (0.78e0.98) 0.9 0.06 (0.78e
FEF50 (L/s) 2.34 0.53 (1.46e3.55) 2.6 0.73 (1.63e
FEF25 (L/s) 1.12 0.36 (0.41e2.17) 1.33 0.5 (0.75e2
FEF25e75 (L/s) 2 0.44 (1.08e2.97) 2.29 0.67 (0.76e0.78 (linear model) to 0.8 (quadratic model). Also, r2 for
FVC in girls was 0.68 with the linear model and remained
0.68 with the quadratic model. Thus, the simple linear
models were maintained for convenience. Exponential
models with standing height as the independent variable
had lower r2 compared to the r2 of linear models. The use
of regression equations with an ageestanding height inter-
action term did not increase r2. For example, r2 for FVC in
boys was 0.78 with the simple linear regression model and
exactly the same with the model that included the interac-
tion term.
Excluding boys with signs of puberty improved the linear
fit for FVC (from r2Z 0.78 and SEEZ 0.270 to r2Z 0.83 and
SEEZ 0.256), FEV1 (from r
2Z 0.74 and SEEZ 0.256 to
r2Z 0.79 and SEEZ 0.246) and FEF50 (from r
2Z 0.32 and
SEEZ 0.570 to r2Z 0.35 and SEEZ 0.527). In contrast,
excluding girls who were in puberty did not improve the lin-
ear fit for any of the equations predicting spirometry indi-
ces. Low socioeconomic status or history of passive
smoking were not significant predictors of FVC or expiratory
flow function indices in either girls or boys when they were
introduced as bivariate variables in the regression analysis.
Comparison with published predicted values
for Caucasian children
For both Gypsy girls and boys, predicted values for FVC and
FEV1 calculated by the equations of this study were signif-
icantly lower than predicted values calculated by equations
of Rosenthal and colleagues15 or Quanjer and colleagues23
(data not shown). Inspection of the BlandeAltman plots
also confirmed that predicted values for Gypsy children ofal capacity and expiratory flow function indices in Gypsy girls
Height, cm (boys)
112e135 (nZ 45) 136e165 (nZ 50)
.94) 1.72 0.28 (1.11e2.19) 2.44 0.54 (1.71e4.57)
2.81) 1.57 0.22 (1.1e2.06) 2.14 0.52 (1.52e4.26)
0.99) 0.91 0.05 (0.78e0.98) 0.88 0.06 (0.78e0.96)
4.49) 2.25 0.5 (1.37e3.38) 2.84 0.72 (1.75e4.98)
.67) 1.08 0.29 (0.6e2) 1.37 0.57 (0.58e3.8)
4.15) 1.95 0.41 (1.23e2.78) 2.48 0.69 (1.38e4.75)
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Figure 2 FEV1 (forced expiratory volume in the first second)
raw data for Roma girls (nZ 57; open squares) and boys
(nZ 95; filled squares) plotted against standing height.
Spirometry in Gypsy children 1325the current report were consistently lower than values cal-
culated by the Rosenthal and colleagues equations or
Quanjer and colleagues equations (negative FVC or FEV1
difference). Fig. 4 presents the BlandeAltman diagram of
the mean difference (2 standard deviations) between pre-
dicted FEV1 values in girls by equations of the present study
and by the Quanjer and colleagues equations (y-axis) plot-
ted against the average of the two values (x-axis).
In addition, mean values of spirometry indices expressed
as percentage of predicted (equations Zapletal, Solymar
and colleagues25,26) were ranging from 90 to 97% (data not
shown). Only mean FEV1 in boys was almost 100% of pre-
dicted values for Caucasians.
Discussion
In the present investigation, data on expiratory flow
function measured in Greek Gypsy children are presented.
In accordance with some published studies,15,27 we found
that FVC, FEV1 and indices of smaller airway function
change linearly with standing height and that Gypsy boys
tend to have higher expiratory flows than girls.20,21 An
important finding of the current report is that early in life
Gypsy people have lung function somewhat lower than
other Europeans.15,23,25,26
Several different types of regression equations have
been presented in the literature to describe lung function0
1
2
3
4
5
180160140120100
Height (cm)
F
E
F
2
5
-
7
5
 
(
L
/
s
)
 
Figure 3 FEF25e75 (mean forced expiratory flow between 25%
and 75% of forced vital capacity) raw data for Roma girls
(nZ 57; open squares) and boys (nZ 95; filled squares) plot-
ted against standing height.in children.28 Some authors have used untransformed
values of lung function indices as the dependent variable
and standing height as the independent variable in the
regression equations,15,27 and others have introduced age
as an additional independent variable.23,29 In a few investi-
gations, independent variables raised to the second or third
power have been included.30,31
In the current study, prediction equations were based on
standing height. Coefficients of determination (r2) were
higher for equations predicting FVC and FEV1 (0.68e0.78)
compared to r2 for FEF50, FEF25 and FEF25e75 (0.15e0.38).
Similar r2 values have been reported in other studies of
pediatric lung function,32,33 but some investigators have
achieved better fit of regression equations to their
data.15,23 The low coefficients of determination for FEF50,
FEF25 and FEF25e75 can be explained by the high intra-
and interindividual variability of these spirometric parame-
ters34,35 along with the modest number of children studied
in this investigation.
Separate prediction equations were prepared for boys
and girls because the former have higher lung volumes and
flows compared to the latter.20,21 Due to the relatively
small number of subjects recruited in this study, boys had
significantly higher FVC and FEV1 compared to girls, only
for standing height ranging between 121 and 130 cm. The
differences in levels of lung function between the two
sexes diminished for heights ranging between 131 and
150 cm, probably because of the pubertal growth spurt in
girls. This difference tended to increase again for standing
height greater than 150 cm possibly because the male group
started to undergo its own pubertal growth spurt. Similar
trends were described in other studies,15,21,36 but in most
of them, differences in lung function indices between
boys and girls diminished for heights above 150 cm and
increased again for heights above 160 cm. These discrep-
ancies between findings of the present report and data
from previous investigations indicate that either Gypsy chil-
dren enter puberty earlier than Caucasians of the same
standing height or most likely that Gypsy children are
shorter relative to Caucasian children of the same age.
When unpublished growth curves for Greek non-Gypsy chil-
dren were used to plot height of Gypsy children, 53% of
them were below the 25th percentile.
About 25% of boys and girls of the present report had
entered puberty. It is known that transition from childhood
to adolescence modifies the linear relationship between
spirometry indices and standing height.15,37,38 Figs. 1e3
indicate that lung function grows with increased rate for
standing height above 150 cm. Of interest, excluding boys-
but not girls-with signs of puberty slightly increased the lin-
ear fit of the prediction equations for FVC and FEV1. Other
authors have resolved the modeling problem related to the
adolescent growth spurt by introducing an ageeheight inter-
action term in the regression equations, explaining an addi-
tional 1.2e1.45% of the variance in lung function.23 In our
study, introduction of an ageeheight interaction term did
not increase r2. This was probably due to the relatively small
absolute number of subjects in puberty. Use of quadratic or
exponential models are alternative methods to describe the
increasing lung function during the adolescent growth
spurt.23 However, fitting such models to our data resulted
in minimal or no increase in r2.
Table 3 Intercept and slope parameters of linear regression equations predicting values of spirometric indices for Gypsy chil-
dren in relation to standing height (Ht) measured in cm: spirometry indexZ interceptþ (slope Ht)
Spirometry
indices
Regression coefficients
for girls (nZ 57)
R2 SEE Regression coefficients
for boys (nZ 95)
r2 SEE
Intercept (SE) Slope (SE) Intercept (SE) Slope (SE)
FVC 2.737 (0.43) 0.034 (0.003) 0.68 0.246 3.529 (0.315) 0.041 (0.002) 0.78 0.270
3.311 0.039 3.619 0.043
FEV1 2.295 (0.373) 0.029 (0.003) 0.68 0.213 2.947 (0.303) 0.035 (0.002) 0.74 0.256
2.734 0.033 2.78 0.034
FEF50 1.581 (0.98) 0.03 (0.007) 0.24 0.561 1.89 (0.687) 0.033 (0.005) 0.32 0.570
3.03 0.041 2.91 0.040
FEF25 0.949 (0.713) 0.016 (0.005) 0.15 0.408 2.008 (0.476) 0.024 (0.003) 0.34 0.395
0.807 0.015 0.948 0.016
FEF25e75 1.524 (0.877) 0.027 (0.007) 0.25 0.501 2.223 (0.603) 0.033 (0.004) 0.38 0.501
For comparison purposes, respective regression coefficients for Caucasian children as reported by Rosenthal and colleagues13 are pro-
vided in italics. Intercepts and slopes from the study by Rosenthal and colleagues shown in the table are for females with a standing
height <152.6 cm and males with a standing height <162.6 cm.
SE e Standard error; SEE e Standard error of the estimate.
1326 A.G. Kaditis et al.Comparison of calculated lung function data with those
of previous studies is a difficult task. First, the comparison
is made by use of published regression equations and not
of the original raw data. Second, reference studies may
have significant differences with the study under compar-
ison regarding factors that could affect spirometry indices
such as equipment or anthropometric characteristics of
the participants.23 Data of the present investigation were
compared to previously published reference values from
Caucasian children residing outside Greece because
values for Greek non-Gypsy children are not avail-
able.15,23,25,26 Reference equations by Quanjer and col-
leagues23 were developed to describe published lung
function data collected from several different European
populations. In contrast, reference equations presented
by Rosenthal and colleagues15 were based on measure-
ments from children living in London. Nevertheless, equa-
tions by Rosenthal and colleagues were used for
comparison purposes in the current study because they1 2
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spirometer used for measurements in Gypsy children
(Microlab 3300). However, it should be noted that equations
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FVC and expiratory flow function indices in the studied
group of Gypsy children had mean predicted values that
were about 5e10% lower than predicted values for Cauca-
sians based on the equations by Zapletal, Solymar and col-
leagues. In addition, predicted spirometric values based on
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those based on the equations by Rosenthal and colleagues
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Spirometry in Gypsy children 1327residing in Central Greece that also reported decreased FVC
and FEV1 values.
39 The detected difference in lung function
of Roma people compared to other Europeans can be attrib-
uted to genetic and/or environmental factors.
Linguistic studies indicate that Persia, Armenia and
Greece were some of the main migration routes of Roma
people in their trip from India into Europe.40 Gypsies
arrived in Crete in 1322 and Corfu in 1346.41 Previously pub-
lished work on polymorphic genetic markers in Greek Roma
people has shown that the ABO, MN, Rhesus and Duffy blood
system frequencies vary from those obtained in non-Roma
Greeks.42 This finding could be possibly explained by the
fact that marriages with non-Gypsy people are extremely
rare and there is a high rate of consanguinity.43 Multilocus
re-analysis of several marker systems reported in studies
of European Gypsies has revealed that they are genetically
closer to Indians than to other Europeans.44 Therefore,
Gypsy children could have differences in expiratory flow
function compared to non-Gypsy individuals due to their
genetic background. Previous published work has empha-
sized the importance of using lung function prediction
equations appropriate to the ethnic origin of the population
under study.6,7,45
Furthermore, results of the present report indicate that
an appreciable proportion of Gypsy children are socially
disadvantaged.16,17 Many of them live in tents, under poor
sanitary conditions and without electricity. Employment
of the child and exposure to cigarette smoke are not
uncommon. Postnatal exposure to cigarette smoke may
have an adverse effect on forced expiratory flows and
thus on airway resistance.20 Parents frequently work as
traders or in the farms, having to move from place to place
while seeking for employment. Low socioeconomic status
has probably a negative impact on the health of Gypsy chil-
dren. Indeed, studies in Europe have revealed a fourfold
increase in Gypsy infant mortality and a twofold increase
in premature birth.46,47 In addition, Gypsy children are at
higher risk for burns and lead poisoning.48,49 Low socioeco-
nomic status in childhood is inversely related to lung func-
tion in adulthood.8,9 In this study, multivariable analysis
showed that socioeconomic status and passive smoking
were not significant predictors of lung function. Neverthe-
less, it is possible that the importance of environmental
factors and the degree of exposure to cigarette smoke
were not measured adequately to detect their adverse
impact on lung growth.
About 3e5% of the measured FVC and FEV1 values in
Gypsy children were below the lower limit of normal (5th
percentile) as provided by the equation: lower limit of nor-
malZ predicted value (1.645 SEE). However, both the
reference regression equations and the lower limit of nor-
mal should be used with extreme caution. It is possible
that they describe respiratory function trends influenced
not only by genetic factors but also by the low socioeco-
nomic life conditions of Roma populations. If measured spi-
rometric values above the 5th percentile are accepted as
‘‘normal’’, then efforts for improved quality of life and
potentially better lung function in Gypsy children may be
discouraged.
Some potential limitations of the present report that
may preclude generalization of its findings to Gypsy
children residing outside Greece should be discussed. First,socioeconomic status and the genetic characteristics of
Greek Roma people may not be similar to those of Roma
subjects living in other European countries and in America.
Second, the sample size of Roma children studied is modest
and may not reflect completely the variability of lung
function in the studied population. The rather small sample
size and the narrow age range of the participants (5e14
years old) are due to the difficulty in recruiting Gypsy
children who usually move from place to place with their
parents according to the local availability of employment.
Finally, only 21% of the subjects studied were not of low
socioeconomic status. This characteristic may have limited
the power of the present study to detect the effect of
environmental factors on lung function.
Conclusions
FVC and indices of expiratory flow function in Roma
children with ages 5e14 years increase linearly with
standing height. Gypsy children have somewhat lower
values of spirometry indices compared to other Caucasians
residing in Europe and it is possible that poor socioeco-
nomic status contributes to this difference. Larger studies
recruiting Gypsy children from several European countries
could separate the effects of genetic background and
poverty on lung function. Public health interventions and
political actions against poverty can potentially improve
respiratory system health in this socially disadvantaged
European minority population.
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